ASSESSMENT OF HYDROLOGIC CONDITIONS IN POTENTIAL
COAL-LEASE TRACTS IN THE WARRIOR COAL FIELD, ALABAMA

By Celso Puente, J. G. Newton, and R. H. Bingham

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations

Open-File Report 81-~540

Prepared in cooperation with the

U.S. Bureau of Land Management

1982



UNITED STATES DEPARTMENT OF THE INTERIOR
JAMES G. WATT, Secretary
GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information write to:

U.S. Geological Survey
520 19th Avenue
Tuscaloosa, Alabama 35401



CONTENTS
Page

AbStracCtecececcsscessossescssessecscsssscscscscsnscsacsssosscsscsnsnssnsos
INtrodUucCtionNecescecsssscosossscssssssssscsssssssssssssssosssssnsssssss
Physical setting....-.............................................
Hydrology.......-.................-..........................-.-..
Ground Wateresesecscsscsscsesscscssscstssccsssoccscscvscssssssssssssnee
Surface wWwatereeseossorsvsosssssosscssscssssssncssssccsssssssssnsse
Water quality.................................................

[o ) I ) I €, I U S

Tract evaluatiONesesesssosssessssscsscssssssssssssccsncssssoascnsssscse 10
Assessment MethodS..ccesseesocsossossccsscsssscnssnssssssessnns 10
WOlf Creek tracCtsiccscssccecsecsssnsscnsoccsssssssscnsessssce 20
Assessmentesseccscccocccssssscccccccsssssnnssssncccnnse 20
Verificationesseeesocecccereessscssccocscosnssccccccsns 22

.Pendley tractececccecsccssssssecsscccscscsscccssssncsssssssnssse 23
ASSESSMEeNtessessssssesssssssnsosssssssssssssssssnsosss 23
Verificationeeseesecesossossossscssscsssssssccnsscoscns 25

Flatwoods tracCteesscecccscsscscssscscvorsssossssscssssassasns 27
ASSeSSMmeNteccsscessosvoscscersssssssssoscccssssnssssens 27
VerificatiONeessscssosescccsscssccssoccrossocsossccsss 29

Dry Creek North tracteececcesccccoccscscsscssssscsossscscsse 30
Assesmenteessscsssccccscevssccsccssssssosssssossssnnssnse 30
Verificationeceecsseoessosesscssonssssscssssccsossnsnse 30

Impacts of future mining.......................................... 32
Ground Wateresessccsceseeossccessncsssessscesvsecsscscccssovsnssse 32
Surface Wateresescscsssocssosccocssscssssssoscscsncsssssscsssssssse 33
Water quality projectionScscecsscscssccccossssnvsescssnssnce 35
Summary and CONCluSiONSecsscsessscccssssccsssoonssosscscssssssessnse 36
References citedeceecescsccosescosssnsanssncnsssnaccsssrccnssoscsnncas 37

ILLUSTRATIONS

Figure 1. Map showing areas of study and principal coal
fields in AlabaMAcescsssveccsvscssosscncssesasssncncsas 3

2., Schematic diagram showing occurrence and movement
of water in the Pottsvile Formationecesccecscsccssccsse 7

3. Map showing regional data collection network and a
schematic diagram of hydrologic assessment approach.... 12

4. Graphical solution for specific conductance.eecsscscsecss 14
5. Graph showing relation between specific conductance

and sulfate concentration for streams draining the
warrior coal field...Q...O.‘...........“....‘...‘..... 15

I1I



Figure 6.

Table

7.

8.

10.

11.

12.

13.

2.

3.

5.

ILLUSTRATIONS~—Continued

Graph showing relation between specific conductance
and hardness (Ca, Mg) for streams draining the

Warrior coal fieldeeessessecscscvcssssssscssosconsssssoce
Graph showing relation between specific conductance
and dissolved solids concentration for streams
draining the Warrior coal fieldeeecesosossescssecccscsnccse

Graph showing relation between suspended-sediment
and total recoverable iron concentrationS.eceseccececsses

Graph showing relation between suspended—sediment
and total recoverable manganese concentrationSeescsesecs

Map showing Wolf Creek tract and data collection sites.

Map showing Pendley tract and data collection sitesess.

Map showing Flatwoods tract and data collection sites..

Map showing Dry Creek North tract and data collection

SiteSececescocsccscssrsseccsscacsesssssssscsscnssnesnsnsse
TABLES

Basin characteristics, low flow, and flood magnitudes
for selected small streams draining coal—-lease tracts..

Regression equations and variables for selected
water quality parameters.............................'.

Estimated and observed water quality characteristics
for selected small streams draining coal-lease tracts..

Estimated and observed total recoverable iron and
manganese concentrations for selected small streams

draining coal~lease tracCtSecccccsesessscssossssssccesses

Estimated water quality parameters in a hypothetical
stream drainingalnj.ned area..".."...'.""..."...'.

v

Page

16

17

18

19

21

24

28

31

39

40

41

42

43



FACTORS FOR CONVERTING INCH-POUND UNITS TO
INTERNATIONAL SYSTEM OF METRIC UNITS (SI)

For the convenience of readers who may want to use International System of

Units (SI), the data may be converted by using the following factors:

Multiply inch-pound units

inch (in)
foot (ft)
foot per mile (ft/mi)
acre (1)
mile (mi)
square mile (mi2)
gallon per minute (gal/min)
cubic foot per second (£t3/8)
cubic foot per second
per square mile

[(££3/s)/mi2))]

tons per square mile
per year (tons/mi2)/y

By

' 25.4
0.3048
0.1894
0.4047
1.609
2.590
0.06309
0.02832

0.01093

0.3503

To obtain ST units

millimeters (mm)

meter (m)

meter per kilometer (m/km)

hectare (ha)

kilometer (km)

square kilometer (xm?2)

liter per second (L/s)

cubic meter per second

cubic meter per second
per square kilometer
[(m3/8)/xm?))

metric tons per square

kilometer per year
(metric t/kmz)/y

(m3/s)



ASSESSMENT OF HYDROLOGIC CONDITIONS IN POTENTIAL

COAL LEASE TRACTS IN THE WARRIOR COAL FIELD, ALABAMA

By Celso Puente, J. G. Newton, and R. H. Bingham

ABSTRACT

Assessing the hydrology of potential Federal coal-lease tracts,
because of their dissemination and limited data, requires some predictive
capability. Four tracts assessed were located in the outcrop of three coal
groups and other relatively impermeable rocks in the Pottsville Formation.
Physical settings of the tracts and most other areas in the Warrior coal
field are similar. This results in similar ground-water and surface-water
characteristics, in similar impacts resulting from surface coal mining, and
in maximizing the transferability of data.

Assessments of the tracts reflected the small storage of water in
underlying rocks and corresponding limited yields to wells and to the base
flow of streams. Ground water and surface water in undisturbed areas are
generally of good quality. Some subbasins in the tracts have already been
impacted to some degree by mining.

Estimates of streamflow characteristics and the availability and
quality of ground water in the tracts were made using available methodology
or assessments based on local and regional data. Estimates of the degree of
mineralization of surface-~water quality were made using methodology deve-
loped from other coal hydrology work. Climatic, physiographic, hydrologic,
and land-use data were analyzed by regressions to derive relations for
assessing water quality in streams draining mined and unmined areas. In
this approach, an equation was derived to estimate specific conductance.
Additional equations, based on relations between specific conductance and
other constituents, allow estimates of mine ‘drainage indicators such as
hardness, dissolved solids, and sulfate contents.

Hydrologic assessments of the tracts, based on limited verification
data, proved to be reasonably accurate. Almost all ground-water verifica-
tion data fall within estimated ranges and the remainder are close.
Similarly, almost all surface-~water quality data obtained fall within esti~
mated ranges based on variations in discharge, and@ most of the remainder are
close. Impacts that will result from future mining in tracts are defined.
Methodology used to estimate future impacts on surface-water quality is
described with examples.



INTRODUCTION

Maximum development of U.S. coal as a source of energy will require
the mining of Federal reserves., In Alabama, these reserves underlie
approximately 600,000 acres of which 70,500 acres are in the Warrior Coal
Field (fig. 1). Most of the acreage is in small parcels disseminated in
different parts of the coal field. 1In anticipation of mining these reser-
ves, numerous tracts have been delineated for potential leasing. The U.S.
Bureau of Land Management has the responsibility of assessing impacts that
will result from the mining and for determining actions that will minimize
problems.

The U.S. Geological Survey has the responsibility of collecting and
providing baseline hydrologic information to the Bureau of Land Management
to aid in preparation of environmental impact statements. An assessment of
baseline hydrologic conditions, because of the short time available and
fragmentary data resulting in part from the scattered nature of Federal coal
reserves in a broad area, requires some predictive capability. This capa-
bility, based on other coal hydrology studies, requires some verification.

The purpose of this report is to describe hydrologic conditions in
four widely separated potential coal lease tracts (fig. 1) of which two have
already been impacted to some degree by surface mining. The descriptions
include predictions where needed, estimating methods used, verification of
estimates where feasible, and probable impacts of future mining.

PHYSICAL SETTING

The physical settings of the study areas (fig. 1) are similar to each
other and to most other areas in the Warrior coal field. This is due to the
similarity in topography and drainage, land use, climate, and, for the most
part, geology. Variations in physical settings, where significant, will be
discussed under descriptions of the individual tracts.

The Warrior coal field is in the Cumberland Plateau physiographic
division which consists chiefly of a submaturely to maturely dissected
upland developed largely on nearly flat-lying rocks (Johnston, 1933). Maxi-
mum relief generally is about 300 feet with numerous tributaries incised
sharply into shale and sandstone that support ridges and steep slopes. Most
basins are separated by sharp ridges. This is modified somewhat along
southern and western boundaries of the coal field where unconsolidated sedi-
ments overlie the harder rocks. In these areas, hilltops and ridges tend to
be less sharp and, in places, relatively flat. Most roads are on ridges and
most land development is along the roads and in the flatter lowland areas.
The remainder of the area is relatively undisturbed, Major land-use activi-

ties in a large part of the area are devoted to the timber industry and to
surface coal mining.
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The study area has a subtropical climate characterized by warm and
humid weather. According to U.S. National Weather Service records (Frentz
and Lynott, 1978), the average annual temperature is about 17°C. January is
generally the coldest month with an average temperature of 6.7°C, and July
the hottest with an average temperature of 26.5°C. The average annual pre-
cipitation, almost all in the form of rain, is about 54 inches. Snowfall is
very light and infrequent. During December through April, about 55 percent
of the average annual precipitation occurs. The wettest month is March and
the driest is October; drought conditions seldom occur.

The Warrior coal field is in the outcrop of the Pottsville Formation
of Pennsylvanian age and the overlying Coker Formation of Late Cretaceous
age. Significant deposits of the Coker are restricted to areas along the
southern and western boundaries of the field. Regionally, strata in the
Pottsville strike northwestward and dip southwestward 30 to 200 feet per
mile (Culbertson, 1964). Strata in the Coker strike northwestward and dip
southwestward 30 to 50 feet per mile.:

The Pottsville Formation has a maximum thickness that exceeds 4,500
feet in the study area (Culbertson, 1964). The lower part consists predomi-
nantly of orthoquartzitic sandstone and conglomerate. Middle and upper
parts consist chiefly of shale, sandstone and siltstone. These strata are
generally medium~ to dark-gray and carbonaceous, micaceous, and fossili-
ferous to some degree; some are calcareous. Shale is the dominant rock
type. Several intervals in the Pottsville Formation contain beds of coal
and underclay. The productive part of the formation contains 7 coal groups
that contain 2 to 10 beds each (Culbertson, 1964). These groups are, in
ascending order, the Black Creek, Mary Lee, Pratt, Cobb, Gwin, Utley, and
Brookwood.

The Coker Formation in surface mine areas in the Warrior coal field
rarely exceeds 100 feet in thickness, and generally consists of fine-~ to
coarse~grained sand, gravelly sand, and sandy gravel separated in places by
lenticular beds of gray sandy clay. One or more thin beds of ferruginous
cemented sandstone or conglomerate are usually present near the base of the
formation.

HYDROLOGY

Two hydrologic environments are present in the Warrior coal field.
The physical setting of both, with the exception of their geology, is simi-
lar. The most extensive area of the environment is underlain by relatively
impermeable rocks of the Pottsville Formation. The second enviromment,
restricted to areas along western and southern boundaries of the field, is
underlain by permeable strata of the Coker Formation that rest on the
Pottsville Formation. The hydrology of basins within either of the environ-
ments is generally similar. The four tracts assessed are in the Pottsville
environment. The Coker Formation is absent or is sufficiently limited in
extent not to significantly influence hydrologic assessments of the tracts.
For information pertaining to the Coker environment, the reader is referred
to Puente and others (1980).



Ground Water

The Pottsville Formation is the mosts significant and, in many parts
of the Warrior coal field, the only source of ground water available to
wells. Recharge percolating downward into the formation is generally stored
in and transmitted through openings along joints, fractures, and bedding
planes. The water occurs under perched, water table, and artesian
conditions; however, this study is concerned primarily with that occurring
under water-~table conditions. The configuration of the water table, the
unconfined upper surface of the zone in which all openings are filled with
water, generally conforms somewhat to the overlying topography. Perched
bodies of water commonly occur where fractures and joints are absent or are
sealed by underclay or soft shale. The movement of water, where these
strata are present, is along bedding planes which, in the study area, gener-
ally dip southwestward. Water levels in nearby wells can vary greatly where
they may reflect perched, water table, or artesian conditions or combina-
tions of the different sources. These variations and the occurrence and
movement of water, including that under perched conditions, is illustrated
in figure 2. The depth to water levels in wells on hilltops generally range
from 20 to 150 feet, those in lowland areas from 5 to 30 feet, and those on
hillslopes between the two ranges given.

The Pottsville Formation is the source of water to most domestic wells
in coal mine areas but does not generally yield large supplies., Yields from
wells are generally less than 10 gal/min and many are less than 5 gal/min.
Yields exceeding 25 gal/min are rare. Quantitative data are not available
to determine specific aquifer characteristics; however, the small yield of
wells and springs in such a broad area reflect limited storage and a low
permeability. The small amount of water contributed to streams by Potts-
ville aquifers (base flow) also reflects the limited storage and low per-
meability.

Existing hydrologic conditions in the Warrior coal field and in some
tracts assessed (fig. 1) include local modification of ground-water con-
ditions. 1In some areas, existing aquifers have been removed or disturbed
and, in many instances, have been replaced by spoil aquifers. These
aquifers are created when accumulations of heterogeneous surface mine spoil
(debris) are sufficiently large and permeable to store and transmit water.
The amount of water stored in the spoil aquifers and their permeability
generally exceed that of the undisturbed Pottsville aquifers. Consequently,
water infiltrates downward and laterally from the spoil aquifers. This
increases recharge to underlying aquifers and results in increased base flow
to streams. Locally, streams have discharge during dry periods when they
previously ceased to flow (Puente and Newton, 1979).



Surface Water

Streamflow characteristics are determined by climatic, physiographic,
and geologic conditions, and by stream-regulating conditions imposed by man.
Where these conditions are similar, basins may have similar streamflow
characteristics, Streams in the Warrior coal field underlain by the Potts-
ville Formation, because of their similar physical setting, generally have
similar low, median, and flood flow characteristics.

Relatively impermeable rocks in the Pottsville Formation result in
poorly sustained low flows. This is characteristic of basins underlain by
soil or rocks that inhibit the storage of ground water. Streamflow recedes
rapidly from sharply concentrated flood peaks to low flows, or to no flow
between storms. Consequently, many streams in the area are intermittent;
they generally flow from November through May and are frequently dry from
June through October. Annual average discharge will vary considerably
during extremely dry or wet years.

Annual discharges average about 40 percent of the average anmual per-
cipitation (54 inches). Annual streamflow, based on available data,
generally ranges from 1.5 to 1.7 (£ft3/s)/mi2,

The effects of existing mines on streamflow characteristics are dif-
ficult to assess. The effects are influenced by mining procedures and
reclamation practices, Spoil aquifers and mine impoundments result in
increased water storage. During periods of 1little precipitation, the
augmentation to base flow from this storage locally results in discharges
exceeding those prior to mining. The magnitude of increase resulting from
the augmentation cannot be readily determined. The effects on flooding will
vary with the magnitude of flood flows. The 2-year flood (Qp) might
increase initially as a result of wvegetation removal, The increase,
however, is expected to be short term and rapidly approach, or decrease
below, premining flooding conditions because of reclamation and changes in
permeability of overburden, Effects of mining and reclamation on the magni-
tude of the 25-, 50-, and 100-year floods are probably negligible,

Streamflow characteristics of the wvarious tracts, including some at
selected recurrence intervals and methods used in determining them, are

given in following sections of this report,

Water Quality

The quality of ground water and surface water in undisturbed areas in
the Pottsville environment is generally good, being suitable for most uses.
Water in some areas disrupted by surface coal mines has become sufficiently
mineralized to affect its use for some purposes.
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Measurable characteristics that may be used to define water quality
can be classified into three major groups: (1) chemical, (2) physical, and
(3) biological. Chemical constituents and physical characteristics are used
in this report because they are easily measured and can be related to water-
use requirements. Specifically, these constituents and physical charac-~
teristics are specific conductance, pH, sediment, iron, bicarbonate,
sulfate, hardness, and dissolved solids. Definitions of some of these are:

Dissolved solids.=—Consist mainly of the dissolved mineral consti-
tuents in water and are represented by the residue that remains after eva-—
poration and drying at a temperature of 180°C,

Hardness.=-A physical-~chemical characteristic that is commonly recog-
nized by the increased quantity of soap required to produce lather. It is
attributable to the presence of alkaline earths (principally calcium and
magnesium) and is expressed as equivalent calcium carbonate (CaCO3). The
following scale is used in this report to assist the reader in appraising
degrees of hardness:

Hardness range

Degree of hardness (mg/L)
Soft.......IQ...'.....I...... 0‘60
Moderately hardeessssesccesss 61-120
Hard...l..‘.....l............ 121‘180
Very hatd.................... >180

Total recoverable iron and manganese concentrations.-~Is the amount of
a given constituent that is in sclution after a representative water—
suspended sediment sample has been digested by a method (usually using a
dilute acid solution) that results in dissolution of only readily soluble
substances. Complete dissolution of all particulate matter is not achieved
by the digestion treatment, and thus the determination represents something
less than the "total" amount (that is, less than 95 percent) of the consti-
tuent present in the dissolved and suspended phases of the sample. To
achieve comparability of analytical data, egquivalent digestion procedures
would be required of all laboratories performing such analyses because dif-
ferent digestion procedures are 1likely to produce different analytical
results.,

PH.~A measure of the hydrogren—ion concentration of a solution. A pH
unit is expressed as the negative logqy of the hydrogen~ion concentration.
The pH of pure water is 7.0 units, acid water has a smaller pH and alkaline
water a large pH.

Sediment.~~Sclid material that originates mostly from disintegrated
rocks and is transported by, suspended in, or deposited from water; it
includes chemical and biochemical precipitates and decomposed organic
material such as humus. The quantity, characteristics, and source of sedi-
ment in streams are influenced by environmental factors such as degree and
length of slope, soil characteristics, and land use, and quantity and inten~
sity of precipitation.
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Specific conductance.--A measure of the ability of water to conduct an
electrical current and is expressed in micromhos per centimeter at 25°C,
Because the specific conductance is related to the number of specific chemi-
cal types of 1ions in solution, it can be used for approximating the
dissolved-solids content in the water. Commonly, the amount of dissolved
solids (in milligrams per liter) is about 65 percent of the specific conduc-
tance (in micromhos per centimeter at 25°C). This relation is not constant
from stream to stream, and may vary within the same stream.

Mineralization of ground water in the Pottsville Formation increases
with its time in contact with soluble minerals. This generally results in
an increase in mineralization with depth from a common datum plane. The
specific conductance of water at depths of less than 50 feet will generally
be less than 150 umhos (micromhos per centimeter at 25°C) and, at a depth
of 250 feet, may be as much as 800 umhos or more. Water in most wells
generally ranges in dissolved solids from 20 to 500 mg/L, and in pH from 5.5
to 8.5 units and generally exceeds 7.0 units. Bicarbonate concentrations
generally range from 20 to 450 mg/L and generally exceeds 100 mg/L; hardness
ranges from 10 to 400 mg/L and generally exceeds 60 mg/L. Other consti-
tuents are usually present in low quantities. Most specific ranges in
constituents and properties, based on available data, are given in descrip-
tions of tracts in this report.

Available data allow estimates of ranges for some water-quality para-
meters that are expected to occur at depths of 50 to 250 feet, A specific
estimate for a specific depth at a specific site or small area cannot be
made accurately because secondary porosity (joints, fractures, and bedding
planes) allows vertical and near horizontal movement to different depths
(fig. 2). Shallow wells, because of geology and topography, can also yield
more mineralized water than deeper wells where movement is controlled by
bedding planes, Water in a shallow well (well 5 on fig. 2), based on the
distance it has moved, would have been in contact with rocks longer and be
more mineralized than water in nearby deeper wells (wells 3 and 4).

Surface water in undisturbed streams draining the Pottsville Formation
is generally soft, acidic, and low in dissolved-solids content. Specific
conductance generally ranges from 20 to 100 umhos, dissolved solids from 20
to 60 mg/L, and pH from 5.5 to 7.8 units. Only limited concentrations of
other dissolved constituents are usually present., More specific ranges in
constituents and properties, based on available data, are given in descrip-
tions of tracts in this report,

Degradation of the quality of ground water and surface water has
resulted from surface coal mining in parts of some of the tracts to be
assessed and other areas in the Warrior coal field, Mine drainage is alka-
line or acidic depending on the presence or absence of carbonate minerals in
the strata disrupted., Some excellent indicators of mine drainage include
specific conductance, dissolved solids, sulfate, iron, manganese, total
hardness, and noncarbonate hardness where it approaches or exceeds 50 per-
cent of the total hardness (Knight and Newton, 1977). Water in streams and
aquifers impacted by mining is similar in quality, but the impact on water
in aquifers is more localized.

9



TRACT EVALUATION

Federal coal reserves are disseminated in small parcels over a broad
area in the Warrior coal field. The four tracts assessed were selected
because they are in the outcrop of surface-minable coal beds in three dif-
ferent coal groups. Because the tracts are in outcrop areas of different
coal groups, the study is regional in scope and allows additional eva-
luations of the transferability of hydrologic data in mining areas and the
regional value of assessment methods utilized. The study areas and their
respective coal group assessed, from north to south, are the Wolf Creek
(Pratt), Pendley (Cobb), Flatwoods (Utley), and Dry Creek North (Utley)
tracts (fig. 1).

Assessment Methods

Regression equations were derived to estimate regional variations in
streamflow and water quality as functions of climate, basin characteristics,
and land use., Models used in the reqgression analyses to derive the egqua-
tions are of the form,

by by by
Y = a.x1 X2 o-oooXn

where Y (dependent variable) represents streamflow or water quality charac-
teristics, X's (independent variables) are climate, basin characteristics,
and land use, a is the regression constant, b's are regression coefficients,
and n is the total number of independent variables, Dependent variables
(Y's) are estimated from a combination of known independent variables (X's).

Regression analyses by 0Olin and Bingham (1977) provide eguations for
estimating flood magnitudes in small streams for selected recurrence inter-
vals, Drainage area and main channel slope are the most significant charac-
teristics affecting flood frequency and magnitude., Errors associated with
use of the equations to estimate flood magnitudes in ungaged streams are
unknown, Verification of flood magnitudes for streams in the coal-lease
areas (table 1) will require collection of streamflow data for several
years., Eight of the sites have drainage areas smaller than the minimum
limit (1 mi2) used to derive the equations. Flood magnitudes given in Table
1, however, appear to be reasonable.

Estimates of 7-day 2-year (7Q5) and 7-day 10-year (7Q3g) low flows in
ungaged streams are determined using methods derived by Bingham (1979). The
methods consist of regression equations using a base flow recession index,
drainage area, and mean annual precipitation as independent variables. The
base flow recession index systematically relates the effects of geology
underlying stream basins to the rate of low flow, Verification of low flow
estimates for ungaged streams in the coal-lease areas (table 1) will require
collection of streamflow data for several years, All sites have drainage
areas smaller than the minimum limit (5 mi2) used to derive the equations.
However, all low flows given in table 1 are zero.
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Climatic, physiographic, hydrologic, and land-use data for 67 basins
in the Warrior coal field were analyzed by regressions to derive relations
for assessing water quality in streams draining mined and unmined areas.
Other investigators (Lystrom and others, 1979) have successfully used the
same approach in similar studies. The regional data-~collection network and
a diagram illustrating the regression approach are shown on figure 3.
Mineralization of mine drainage varies as functions of the quantity of water
leaving the mined area, the presence of reactive minerals in spoil
materials, and the period of time during which the reactive minerals have
been exposed to weathering. 1In the regression approach, the selected depen—
dent variable representing mineralization of mine drainage is specific con-
ductance. Independent variables include streamflow, percent of basin mined,
channel distance between stream sampling site and mined area, and the rela-
tive age of mined areas.

The equation for estimating specific conductance of water in streams
draining mined areas is:

0.407 0,476
SP. COND. = 28.84 (PBM) ({MAF)
0.369 0,381
(Q/n) (CL)
where SP. COND. is specific conductance, in micromhos per centimeter at
25°C,
PBM is percent of basin mined, in percent,
Q/A is streamflow, in cubic feet per second per square mile,
CL is averaged channel length or distance between stream sampling
gsite and mined area, in miles, and
MAF is a mine age-weight factor. It is a numerical value based on

observed increases in mineralization of mine drainage with
time. The numerical values are:

Relative mine age
in years after

mine starting MAF
1 2
2 3
3 7
4 10
5 15
6 18
7 20
8 20
9 20
10 19
11 15
12 9
13 6
14 4
15 3
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Mine age-weight factors (MAF) were determined from plots of specific
conductance versus stream discharge based on the relative age of surface
mines contributing drainage to streams sampled. The preceeding table repre-
sents an interpolation of a bar graph where MAF = 2 when mine age is less
than 3 years; MAF = 10 when mine age is 3 but less than 6 years. MAF = 20
when mine age is 6 but less than 12 years; and MAF = 5 when mine age is 12
Oor more years.

Graphical solution of the specific conductance equation is shown in
figure 4. Estimates of specific conductance greater than 3,000 umhos exceed
the range of observed data and should be set equal to 3,000. The equation
is applicable only for ranges of data defined by the family of curves.

Specific conductance is directly related to dissolved solids concen-
trations in water, and is frequently used to estimate other ion concentra-
tions. Relations between specific conductance versus ion concentrations
commonly used as indicators of coal-mine drainage are given in table 2 and
shown in figures 5, 6, and 7.

Relations for estimating total recoverable iron and manganese concen-
trations are based on suspended-sediment concentrations observed during
medium and high flow. The equations for suspended-sediment concentrations
versus total recoverable iron and manganese concentrations are given in
table 2 and the relations are shown in figures 8 and 9.

Estimates of surface water quality parameters, such as specific con-
ductance for streams draining unmined basins, pH, and annual sediment
yields, are based on data reported elsewhere (Harkins and others, 1980), and
on data collected in nearby areas with similar geology, basin charac~
teristics, and land use.

Individual water quality parameters vary with stream discharge. Those
in solution are generally inversely related to discharge; the larger con-
centrations generally occur during low flow. Because of this variability,
estimates of concentrations represent ranges based on variations in dis-
charge (0.5 to 5.0 ft3/s). Verification of estimates was accomplished by
sampling at the various sites. The accuracy of an estimate was indicated by
the position of the verification datum in the estimated range as related to
discharge during sampling.

Ground-water assessments for the various tracts are based on data
available for wells in or near the tracts, on a regional assessment, or com-
binations of both where ‘sufficient data are not locally available. The
regional assessment is given in the section on hydrology in this report.
Reconnaissance~type inventories were made in and near tracts during the
verification stage of the study to substantiate the transferability of the
data used.
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Wolf Creek Tract

The tract, located in Fayette County (fig. 1), is uninhabited and
mostly in timber. The surface is dissected with slopes ranging from 33 per-
cent on hillsides to about 1 percent on hilltops. Maximum topographic
relief is about 300 feet. The tract is drained by Allen, Cranford, Wolf,
and Boxes Creeks and their tributaries (fig. 10).

The Pottsville Formation crops out in most of the tract. Thin, small
outliers of the Coker Formation cap some of the higher hills. The Potts-
ville consists chiefly of alternating beds of sandstone, shale, and silt-
stone with a few thin beds of limestone, coal, and underclay. The coal beds
are in the Pratt coal group. The Coker Formation consists of sand and gra-
vel with some thin beds of clay. The Pottsville Formation dips southward
about 60 feet per mile and the Coker Formation dips southwestward about 30
feet per mile.

Assessment

The Pottsville Formation, the only available source of ground water,
is not tapped by wells in the tract. Aquifers are expected to have water-
bearing characteristics similar to those in nearby areas and in other coal
mine areas in the Warrior coal field. The quality of water is also expected
to be similar, for the most part, to that available at comparable depths in
nearby areas. '

Yields available for water-bearing openings at depths less than 250
feet are generally expected to be less than 10 gal/min. Water 1levels are
expected to range in depth from 5 feet in lowland areas to 150 feet in high-
land areas, Specific conductance of water in aquifers at depths less than
50 feet is generally expected to be less than 150 umhos, and at depths of 50
to 250 feet, is expected to generally range from 150 to 800 umhos.
Dissolved solids concentrations are expected to range from 20 to 500 mg/L
and pH from 5.5 to 8.5 units with most exceeding 7.0 units. In all but the
shallowest wells, the water is expected to be moderately hard to very hard
and have a bicarbonate concentration ranging from 20 to 450 mg/L. Only low
concentrations of other constituents are expected. Calcium, magnesium, and
sulfate concentrations are each expected to range from 1 to 50 mg/L.
Locally, dissolved iron and manganese concentrations may exceed 300 and 50
ug/L (micrograms per liter), respectively.

All streams within the tract are intermittent. Because of steep
topographic relief and underlying relatively impermeable rocks, runoff is
expected to be very rapid with discharge receding quickly to low or no flow.
Basin characteristics including estimates of low flow and flood flow for
sites on four streams draining the tract (fig. 10) are given in table 1.
The sites, with the exception of site 1, drain unmined areas in and near the
tract. Site 1 on Boxes Creek receives drainage from some surface mined
areas west of the tract (fig. 10). Site 3, based on 1980 aerial photogra-
phy, drains an area in the northwest part of the tract where clear-cutting
of timber has occurred (fig. 10).
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Surface mining will remove large segments of the Pottsville Formation
and, in many areas, will disrupt Pottsville aquifers. These segments will
be replaced by broken spoil material that will become spoil aquifers. Spoil
aquifers may be created where no Pottsville agquifer occurred. Based on
available information and observation, spoil aquifers are expected to store
and transmit larger qguantities of water than the original aguifers. Water
moving through leached spoil commonly becomes highly mineralized and may be
transmitted to underlying aquifers as recharge or to streams as base flow.,

Degradation of ground-water quality is expected where mines are sour-
ces of recharge to underlying aquifers. Sources of recharge include
settling ponds or other impoundments, ponded water on mine floors, and spoil
drainage. The mineralization will be characterized by increases in hard-
ness, dissolved solids, and sulfate concentrations. Noncarbonate hardness
is expected to approach or exceed 50 percent of the total hardness and large
increases in .dissolved iron and manganese (exceeding 300 and 50 ug/L,
respectively) concentrations will probably occur. Recharge from mined areas
to Pottsville aquifers may be acidic or alkaline depending on the chemistry
of rocks in mines, Where the recharge is acidic, it is generally neutra-
lized by calcareous minerals in the subsurface and the alkalinity of natural
ground water in the Pottsville Formation.

The degradation of ground-waﬁer gquality is usually restricted to the
general vicinity of mining areas. The degree of mineralization is expected
to decrease with distance from the mine due to increased mixing with
recharge from undisturbed areas. The movement of most of the mineralized
ground water is expected to be downdip (south or southwest); however, the
movement can be in any direction where water-bearing fractures, joints, or
faults are present that penetrate impermeable strata. Because most mining
in the tracts will be on elevated hillslopes, a significant amount of the
impacted water will probably discharge eventually as base flow to nearby
streams.

Surface Water

Impacts of mining on streamflow characteristics are difficult to
assess, Streamflow is generally influenced by mining procedures and recla-
mation practices because spoil aquifers and mine impoundments result in
increased water storage. During period of little precipitation, the augmen-
tation to base flow from this storage results in low flows that exceed those
prior to mining, and periods of no flow will be shorter. Base flow augmen-
tation may vary from near zero to 10 ft3/s depending on the location and
method of mining, spoil area size and distribution, and number of impound-
ment in the mine.

Effects of mining on floods will probably vary with the magnitude of
flood flows. The timing response and volume of the 2-year flood (Qp) is
expected to increase initially as a result of wvegetation removal. The
increase in the volume of flow however, is expected to be short term and to
rapidly decrease to or below the premining Q; because of revegetation and
increased infiltration due to the creation of spoil aquifers. Effects of
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mining and reclamation on the 25-, .50-, and 100-year floods will probably be
negligible because of the magnitude of the floods.

The water in streams receiving surface mine drainage will become more
mineralized in a relatively short period of time. It will become moderately
hard to very hard and change from a calcium-magnesium-bicarbonate type water
to a magnesium-sulfate type water. Ranges in physical properties and chemi-
cal constituents, based on all available analyses of water in streams
draining mined areas in the Warrior coal field, are expected to be:

specific conductance: 100-3,000 umhos
PH: 2.5-8.8 units
sulfate: 15-1,800 mg/L
hardness (CaCO3): 50-1,800 mg/L
noncarbonate hardness: 20-1,800 mg/L
bicarbonate: 0-450 mg/L
dissolved solids: 60-2,000 mg/L

Water affected by mine drainage may become more acidic or more alka-
line depending on the chemistry of the rocks disturbed. Calcareous minerals
occur in significant quantities in many areas. Acidic mine drainage will
probably occur if water has long residence time in mine areas with limited
calcareous minerals. Locally, large increases in iron and manganese concen-
trations are expected to occur. Aeration of mine drainage in streams,
however, causes the formation of insoluble iron and manganese precipitates
called "Yellow Boy" in the streambed near the mined area. Dissolved manga-
nese concentrations are expected to remain relatively high in acidic or near
neutral mine drainage. Sorption of iron and manganese precipitates on
stream sediments will result in increased total recoverable iron and manga-
nese concentrations,

Water-quality changes may become readily apparent within months after
mining starts., The degree of degradation will continue to increase for
about 8 to 10 years after mining begins, and will gradually decrease after
that period. Barring other disturbance in the mined area, water in streams
will gradually become less mineralized and eventually approach its original
quality after many years.

Surface mining activities also degrade water gquality by exposing large
volumes of soil and overburden that are subject to erosion and transport by
surface runoff. Annual sediment yields may increase from a natural range of
20 to 800 (tons/mi2)/y to 1,000 to 20,000 (tons/mi2)/y without preventative
measures, The expected increase in sediment yield can occur soon after
mining is initiated.
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Water Quality Projections

Future water-quality changes in streasms draining mined areas may be
estimated by using the equation for estimating specific conductance given in
figure 4 and the equations given in table 2. Estimates may be made under
various conditions imposed by the user. These conditions include variable
mining progression rates, the amount of streamflow draining from mined
areas, the downstream distance between sampling point and mined areas, and
the mine age. The following example is given to illustrate the use of the
equation for estimating specific conductance (fig, 4) and for estimating
hardness and the sulfate and dissolved solids concentrations (table 2).

The example is a new surface mining operation in a small basin with a
drainage area (A) of 3.0 mi2, The rate of mining is expected to be 100
acres (0.156 mi2) per year for 5 years. The problem is to estimate the
specific conductance and the hardness, sulfate, and dissolved solids con-
centrations in water in a stream draining the area for the following time
frames and conditions:

(1) at the start of mining and 2, 5, 10, and 15 years after
nining is initiated,

(2) at a constant streamflow (Q) of 1.0 cubic foot per
second, and

(3) at a downstream sampling distance (CL) of 0.5 mile.

The estimating procedure is as follows:

(1) determine unit area discharge (Q/A),

(2) determine percent basin mined, PBM=(Area disturbed/A) X100,

(3) select mine age factor (MAF) based on relative mine age,

(4) wuse downstream sampling distance (CL) directly,

(5) enter above values into the eguation (fig. 4) and compute
specific conductance values,

{(6) computed specific conductance values are entered into
equations 1, 2, and 3 in table 2 for computation of sulfate,
hardness, and dissolved-solids concentrations.

The equations in table 2 have been reduced to graphical form as shown
in figqures 4, 5, 6, and 7, respectively. To illustrate the use of the cur-
ves, the dotted lines on the figures correspond to estimated values after 2
years of mining using data in the preceding example.

Q/A = 1.0 10 £t3/s = 0.33 (£ft3/s)/mi?2

3.0 mi
PBM = Area disturbed X100 = 0.31 mi2 X100 = 10 percent
A 3.0 miZ
CL = 0.5 mi
MAF = 3. based on mine age of 2 years.,
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Enter in figure 4 (Q/A) along bottom scale. Move upward to the PBM
curves to 10. Move horizontally to the CL curves to 0.5. Move downward to
the MAF curves to 3. Move horizontally to the specific conductance scale.
The following results were obtained for this example:

from figure 4, specific conductance = 240 umhos,
from figure 5, sulfate = 85 mg/L,

from figure 6, hardness = 92 mg/L, and

from figure 7, dissolved solids = 155 mg/L.

A summary of the problem conditions and estimated water quality para-
meters is given in table 5.

The preceding methodology can also be utilized to make similar esti-
mates where a new mine is located in a basin in which another mine exists.
In this instance, based on the previous example,

Q/A -~ would remain the same,

PBM -~ would be the total area disturbed by both mines
at a given time,

CL -~ would be the average distance of both mines from

the sampling site, and

MAF -~ would be computed by weighting the MAF's and areas
disturbed by the respective mines to the total area
disturbed. For instance, if 50 percent of the area
disturbed has a MAF of 10 and 50 percent has a MAF
of 2, the MAF used for both would be 6.

SUMMARY AND CONCLUSIONS

Federal coal reserves underlie approximately 70,500 acres in the
Warrior coal field. Most of the acreage is disseminated in small parcels in
the Warrior coal field. 1In anticipation of mining these reserves, numerous
tracts have been delineated for potential 1leasing. Assessing hydrologic
conditions in tracts, because of their dissemination in a broad area and the
limited time and data available, requires some predictive capability. This
capability, resulting from other coal studies, requires some verification.

Physical settings of tracts assessed are similar to each other and to
most other areas in the Warrior field. This 1is due to similarities in
topography and drainage, land use, climate, and for the most part, geology.
Four widely separated tracts located in the outcrop of three different coal
groups were selected to assure that findings were regional in scope.
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Almost all surface coal mine areas in the Warrior field are underlain
by relatively impermeable rocks in the Pottsville Formation that, with the
similar physical settings, results in similar aquifer and streamflow charac-
teristics. The Pottsville is the source of water for most wells but does
not generally yield large supplies. Most yields are less than 10 gal/min.
Most streams have poorly-sustained low flows. Streamflow recedes from
sharply concentrated flood peaks to low flows, or to no flow between storms.
Average annual streamflow generally ranges from 1.5 to 1.7 (ft3/s)/mi2. The
quality of ground water and surface water in unmined areas is generally
good. Surface coal mining, including mining in some of the tracts selected
for study, has effected hydrologic conditions to some degree,

Climatic, physiographic, hydrologic, and land-use data for 67 basins
in the Warrior field were analyzed by regressions to derive relations for
assessing water quality in streams draining mined and unmined areas. 1In
this approach, an equation was developed to estimate specific conductance.
Additional equations, based on relations between specific conductance and
other constituents, allow estimates of mine drainage indicators such as
hardness, dissolved solids, and sulfate concentrations. Streamflow charac-
teristics were estimated utilizing existing methodology and estimates of
ground-water availability and quality were based on local and regional
assessments of available data.

Assessments of the hydrology of the four tracts studied, based on
limited wverification data, proved to be reasonably accurate. Almost all
ground-water quality determinations obtained during the verification phase
of the study fell within estimated ranges. Most determinations outside
estimated ranges were close and were for very shallow wells. Data were not
available to verify predicted yields. Similarly, almost all surface-water
quality data obtained fell within estimated ranges based on variations in
discharge., These data were for mined and unmined subbasins. BEstimated
changes in streamflow characteristics could not be wverified because of the
long period of record required.

Hydrologic changes that will result from future mining of the tracts
include declines in water levels, creation of spoil aquifers, changes in
streamflow characteristics, increased erosion and sedimentation, and degra-
dation of ground-water and surface-water quality. Methodology developed
using available data allows estimates of future degradation of surface-water
quality, the most important hydrologic change because it extends outside of
the mined areas. The methodology utilized is the same as that used to make
projections for mined areas in tracts studied. The magnitude of most
changes other than surface-water quality cannot be estimated prior to
mining.
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